Abstract: Background. Nasopharyngeal carcinoma with leptomeningeal involvement is rare and typically has poor prognosis.
However, direct intracranial extension is more common because of the anatomic proximity of the nasopharynx to the skull base, occurring among nearly 17% of patients who present with locoregionally advanced, T4 tumors, 4, 5 and between 8% and 30% with cranial neuropathies. [6] [7] [8] [9] Fewer than 10 case reports exist in the literature of patients with NPC and leptomeningeal involvement, 3, 10 and none reports clinical resolution of neurological deficits. In this report, we describe a patient with extensive involvement of the neuroaxis by tumor who was successfully treated with high-dose intravenous methotrexate. The chemotherapeutic choice of methotrexate was based on its activity in head and neck cancer, reported activity in leptomeningeal disease in solid tumors, and an evolving standard of care for its use as primary therapy in primary central nervous system lymphoma.
CASE REPORT
A 31-year-old white man presented with a 4-month history of progressively worsening headaches, nasal congestion, diplopia, bilateral otalgia and aural fullness, hoarseness, dysphagia, and a 20-pound weight loss.
On physical examination, he had left-sided weakness of cranial nerves V (V2, V3) and VI as well as right-sided X, XI, and XII deficits. Examination was consistent with bilateral conductive hearing loss, a right-sided serous effusion, and a retracted left tympanic membrane. Physical exam was otherwise unremarkable. Fiber-optic nasopharyngoscopy was notable for extensive erosion of the nasopharyngeal roof and fixed right vocal fold.
Axial T1-weighted fat-suppressed MRI revealed an infiltrative mass in the nasopharynx extending into bilateral parapharyngeal spaces (Figure 1 , arrowheads), into the intracranial compartment (Figure 1 , arrows) through the clivus with a large dural-based mass anterior to the brain stem. A lumbar puncture revealed no evidence of malignant neoplasm on cytology. A biopsy of the nasopharynx confirmed the diagnosis of nasopharyngeal carcinoma, undifferentiated type (lymphoepithelioma), and positive for EpsteinBarr virus (see Figure 2) 11 (see Figure 3) . After a 3-week break, he received adjuvant cisplatin 60 mg/m 2 on day 1 and 5-fluorouracil (5-FU) 750 mg/m 2 /day on days 1 to 4 every 4 weeks for 3 courses (dose reduced by 20% because of cytopenia). At the end of therapy, the patient had residual radiographic abnormalities at the primary site, although clinically no residual cranial nerve (CN) deficits. CNs II-XII were grossly intact and symmetric. He had no lymphadenopathy.
Approximately 15 months after initial presentation, he complained of anorexia, fatigue, urinary frequency and urgency, constipation, and saddle anesthesia. On examination, sensation was decreased below T10 in the lower abdomen, back, and in bilateral lower extremities. Decreased proprioception and vibratory sensation were noted in lower extremities bilaterally. Strength was 5/5 with normal tone. Patellar reflexes were 2þ.
Contrast-enhanced spine MRI revealed multiple intradural and extramedullary nodular enhancing masses throughout the thoracic, lumbar, and sacral spine, consistent with leptomeningeal metastatic foci (see Figure 4 ). Brain MRI demonstrated a decreased nasopharyngeal mass with resolution of the previously shown intracranial mass and no leptomeningeal disease. Palliative radiation therapy (TD: 3500 cGy/ 14 fractions) was delivered to a field encompassing the T5-S3 vertebral bodies ( Figure 5 ). Subsequently, high-dose methotrexate (HDMTX; 8 gm/m 2 adjusted per measured 24-hour creatinine clearance) was administered intravenously (IV) every 2 weeks for 3 courses to achieve central nervous system (CNS) penetration. 12 Therapy was administered on an inpatient basis to prevent precipitation of the chemotherapy in the renal tubules with aggressive hydration, urine alkalynization, and leucovorin rescue. All neurological deficits resolved. On radiographic surveillance 10 FIGURE 1. High-resolution axial T1-weighted fat-suppressed MR image shows a large mass in the nasopharynx and bilateral parapharyngeal spaces (arrowheads) that infiltrates the clivus and extends into the intracranial compartment (arrows). 
DISCUSSION
Treatment of leptomeningeal metastatic disease from solid tumors is typically palliative, with median survival of 4 to 6 weeks without treatment. 13, 14 Radiation therapy is frequently administered to sites of symptomatic or bulky disease to alleviate impairments of cerebrospinal fluid (CSF) flow from extensive CNS involvement, to improve the distribution of intrathecal chemotherapy, 15, 16 and may improve the quality of life. 15 Patients with extensive CNS involvement are frequently treated with palliative intrathecal chemotherapy and have a median survival of approximately 3 to 4 months. 17 The goal of intrathecal chemotherapy is to circumvent the blood-brain barrier (BBB) and to expose tumor cells to sufficient concentration of chemotherapy for adequate time. Retrospective analyses have shown that any form of chemotherapy for treatment of CNS disease improves survival.
14 Methotrexate, cytarabine (ARA-C), and thiotepa are compatible with intrathecal administration. Randomized controlled trials comparing intrathecal methotrexate with thiotepa 17 and methotrexate with ARA-C for the treatment of leptomeningeal metastases from solid tumors have found no difference in survival or toxicity profiles. 17 Nevertheless, methotrexate has been considered the first-line agent for treatment of leptomeningeal metastases and has been associated with moderate response rates 18, 19 and clearance of malignant cells from the CSF in up to 60% of cases. 20 A common intrathecal regimen of methotrexate consists of 10 to 12 mg twice per week for 4 weeks followed by weekly administration for 4 to 8 weeks 17, [21] [22] [23] and results in uniform distribution through the neuroaxis. 24 Methotrexate has been used as a single agent for treatment of recurrent and metastatic squamous cell carcinoma of the head and neck, with low (<10%) response rates to the traditional regimen of 40 mg/m 2 / week. 25 Randomized trials comparing either moderate or HDMTX (1.5 to 3.0 g/m 2 /week, IV) to the weekly traditional dose regimen report higher overall response rates (as high as 55%), but no difference in complete response rates or survival. 26, 27 Although methotrexate has been incorporated into the therapeutic armamentarium for NPC in multiagent chemotherapy, we are unaware of single-agent response data specific to this malignancy.
Intravenous dosing of HDMTX has been established as the standard of care in patients with lymphoma (primary CNS, acute lymphocytic leukemia). 28 When administered intravenously, methotrexate enters cells by passive diffusion. Plasma concentration of methotrexate appears to correlate well with CNS concentration, such that higher infusion dose results in similarly elevated CNS concentrations. 29 At adequate concentrations, methotrexate is capable of crossing the BBB, although sustaining cytotoxic concentration is dependent on rate, dose, and method of administration. Dosing in the range of 1-7.5 g/m 2 (IV) has been found to achieve therapeutic cytotoxic concentrations (1 lM). 30 The theoretical advantage of IV administration is that more uniform dose distribution is achievable throughout the CNS than with intrathecal administration. 31 Intrathecal dosing initially achieves a peak concentration higher than IV dosing, although higher CSF and systemic concentrations are sustained for up to 6 days with IV dosing. 32 When retrospectively compared with intrathecal administration, HDMTX (8 g/m 2 every 2 weeks for the first month, followed by additional doses at weeks 4 and 8 in responders) was associated with significantly improved median overall survival (13.8 vs 2.3 months, p ¼ .003) among patients with leptomeningeal disease. 32 A pharmacokinetic analysis demonstrated that a lower induction dose of methotrexate (700 mg/m 2 ) prior to a continuous 23-hour infusion (2800 mg/m 2 ) was an effective alternative dosing regimen to achieve adequate CSF concentrations, although clinical outcomes with this regimen have not yet been evaluated in clinical trials. 31 Prior to methotrexate, whole brain radiation therapy (WBRT) was the mainstay of treatment for primary CNS lymphoma. WBRT was associated with a median survival of 10 to 14 months and high recurrence rates.
33-37 HDMTX (5-8 g/m 2 ) has been used as a monotherapy (AEWBRT) and in combination with other chemotherapeutic agents, 34,38-40 to achieve 2-year overall survival rates of 51% to 70%. 12, 41, 42 Sequential therapy comprising HDMTX (1-3.5 g/m 2 ) followed by WBRT has resulted in 2-year overall survival of 60% to 85%, with median survival up to 3 years. 35, 43 Methotrexate prior to radiation may reduce leukoencephalopathy and limit the effects of radiation-induced limitations of diffusion and efficacy, including BBB restoration, endothelial proliferation, and tumor cell resistance induction. 44 Data from phase I and phase II trials have demonstrated methotrexate to be associated with improvement in median survival over WBRT alone; nonetheless, methotrexate in combination with radiotherapy is the most commonly used regimen for patients with primary CNS lymphoma.
CONCLUSIONS
We present a case of leptomeningeal metastases of NPC for which the treatment paradigm of CNS lymphoma was applied with excellent response. The patient remains asymptomatic 6 years later without evidence of clinical disease. We recommend the investigation of systemic methotrexate for the treatment of NPC with CNS involvement in future clinical trials. This may have been a rare patient with an unusually good prognosis who, despite medical therapy, would have done well; however, after methotrexate his cranial neuropathies were reversed.
